The pyruvate metabolism of LactobaciUus plantarum and Latobacillus arabino8su, which according to Bergey (1948) are identical organisms, has been studied by Rowatt (1951) and Nossal (1952 
Reagents. Pyruvic Each vessel contained 0-5 ml. of cell suspension and 1-5 ml. of 0.2M-phosphate-citrate buffer (McIlvaine, 1921) , pH 4-8, unless otherwise stated. Except in cofactor experiments, 0.1 ml. of OOlM-thiamine and 0.1 ml. of 0O01 -MMnSO4 soln. were added to all flasks. Substrate(s) was added from the side arm after equilibration. The total volume of fluid per flask was adjusted to 3 ml. in all experiments.
Analytical methods At the conclusion of an experiment the Warburg flask contents were centrifuged to remove cells and the clear supernatants stored in the refrigprator before analysis.
Acetoin. This was estimated by a quantitative VogesProskauer reaction according to Westfeld (1945) .
ce-Acetolactic acid. This compound has been shown by Juni (1952) to be decarboxylated to acetoin in acid solutions and this method was used to test for the presence of this compound.
Diacetyl. This was assayed by the specific method of White, Krampitz & Werkman (1946 McLendon (1944) , modified by using 1 ml. of 10 % (w/v) orthophosphoric acid, instead of 0 5 ml. of syrupy phosphoric acid, and using the apparatus of Markham (1942) . It was found more convenient to use a direct-reading pH meter, rather than an indicator, for following the titration of the distillate. Volatile fatty acids were identified by paper chromatography with the method of Reid & Lederer (1952) . Glucose. The disappearanoe of glucose was followed with the anthrone method as modified by Trevelyan & Harrison (1952) . RESULTS Effect of pH on the rate of evolution of carbon dioxide from pyruvate. When washed suspensions of L. brevis were incubated with pyruvate a gas, identified as C00 by its absorption in 20% (w/v) KOH, was evolved. With 01 m-phosphate--citrate buffers the initial rate of C02 evolution was determined at several pH values in the range 3-5-6-5, with air and with N2 as gas phases. The results shown in Fig. 1 reveal a pH optimum at 4-8 for both aerobic and anaerobic conditions. Subsequent experimnents were therefore carried out at this pH.
Cofactor requirements. Vol. 72 Lipmann & Tuttle (1945) Fig. 4 ), 1 8 pmoles of glucose was still present after 30 min., but no glucose remained at the conclusion of the experiment. Effect of various inhibitor8. With reaction mixtures containing pyruvate, thiamine and Mn2+ ions, the effects of the following inhibitors were studied: OOl M-fluoride, OOl M-azide, O-Ol M-arasefite, 0*01M-arsenate and 0.001M-fluoropyruvate. Fluoride, azide and arsenate did not inhibit pyruvate metabolism at these concentrations.
The effect of arsenite is shown in Table 2 and Fig. 5 . This compound caused a slight lowering of the initial rate of C02 evolution but the 02-absorbing reaction was markedly inhibited. Examination ofthe flask contents revealed an accumulation of acetoin and lactate in those flasks containing arsenite. Only when arsenite was added to the reaction mixture did acetoin accumulate. The reactions described in this paper are therefore not specific to L. brevis strain 1-2 but are probably characteristic of the brevis species.
DISCUSSION
The experiments reported here suggest that the metabolism of pyruvate in L. brevis occurs in two stages. On the basis of the results shown in Fig. 2 it is suggested that the initial reaction (i) corresponds to a dismutation 2 Pyruvate -+ Lactate + acetate + CO2 (i) Under anaerobic conditions only reaction (i) normally occurs but in aerobic experiments reaction (i) was followed by a slower reaction (ii) involving oxidation of the lactate molecule to acetate. These reactions are in marked contrast with the reaction 2 Pyruvate -* Acetoin + 2CO2 (iii) already established as the main pathway for pyruvate metabolism in the homofermentative lactobacilli (Rowatt, 1951; Nossal, 1952) . Hunt & Nossal (1954) showed that the stimulatory effect of glucose on the rate of evolution of 
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carbon dioxide from pyruvate by L. arabinosus was concomitant with its glycolysis to lactic acid. In the present system added glucose did not stimulate the rate of evolution of carbon dioxide and was not oxidized until reaction (i) was completed. This difference may be correlated with the finding of Buyze, Van de Hamer & De Haan (1958) that heterofermentative lactobacilli lack aldolase and operate the hexose monophosphate-shunt mechanism for glucose oxidation. The action of arsenite in this system is unusual and difficult to explain since arsenite is usually considered as an inhibitor of oxidative decarboxylation. It is possible that both reactions (i) and (ii) involve oxidative decarboxylation but the latter is very much more sensitive to the poison than the former. The inhibitory action of fluoropyruvate may be due to a blockage of an enzyme system by a 'lethal synthesis' of a fluoro-substituted compound, or (a more acceptable hypothesis) to the greater sensitivity of the second reaction (ii) to the poison than the acetoin-forming system. Dolin & Gunsalus (1951) , in the course of their studies with Streptococcus faecadi8, reported the presence of two pathways for pyruvate metabolism in this organism. Acetate was found to be the main product of pyruvate breakdown by intact cells of S. fazcali8, but an acetoin-synthesizing system, not apparent during whole-cell studies, was demonstrated in cell-free extracts. These workers also found that under anaerobic conditions S. faealis formed acetate and lactate from pyruvate by the reaction:
2 Pyruvate -+ Acetate + lactate + COs A latent acetoin-forming system appears to be present also in L. brevis, demonstrable only in the presence of suitable inhibitors of the alternative pathways.
When L. brevis was incubated with 2-oxobutyrate in the presence of arsenite, no acyloin compounds (propioin) were formed. Therefore it may be concluded that the acyloin-forming system is specific for pyruvate. A similar high degree of specificity for an acyloin-condensation system in Aerobacter aerogenes has been reported by Juni (1952) .
The main conclusions reached therefore are that at least two pathways for pyruvate metabolism exist in L. brevi8. The main route involves an anaerobic dismutation of 2 molecules of pyruvate to form lactate, acetate and carbon dioxide followed by oxidation of the lactate to acetate and carbon dioxide, a mechanism not exhibited by the homofermentative lactobacilli. These species synthesize acetoin from pyruvate, a reaction that is also available to L. brevi? but is not of primary metabolic importance to this species. SU1MARY 1. In contrast with the homofermentative lactobacilli, which are known to form acetoin as the main product of pyruvate metabolism, suspensions of Lactobaoi2lus breviu metabolized pyruvate, to form ultimately acetate and carbon dioxide, in two distinct stages.
2. The first stage involved a dismutation reaotion of pyruvate to form acetate, lactate and carbon dioxide. Under aerobic conditions the lactate was subsequently oxidized to acetate and carbon dioxide.
3. The rate of carbon dioxide evolution was maximum at pH 4 8. Thiamine and manganese (Mn2+ ions) stimulated the rate of carbon dioxide formation from pyruvate.
4. Oxidation of glucose, added to the above system, was suppressed until the dismutation reaction was completed.
5. When arsenite or fluoropyruvate was present in the system the second-stage oxygen-consuming reaction was suppressed and acetoin accumulated. 6. Lacobaoilu8 brevi8 produced propionate from 2-oxobutyrate by a similar mechanism, but propioin accumulation could not be demonstrated in the presence of arsenite.
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